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STUDIES IN FADING OF MEDIUM-WAVE RADIO SIGNALS
By  B. a . P. TAN TIR Y and S. R. K H A S T G IR .
( R e c e iv e d  fo r  puHj^ication, D e c e m b e r  9, 1950)
iABSTRACT. In the present invewgation, intensity variations of the down-coming 
waves of medinm radio frequencies fi»m Delhi, Dacca, Dahore and Vijayawada Broad­
casting stations as received at Banaras w « e studied in the evening and early night hours, 
there being no ground waves from {hele distant stations at the receiving point. Medium- 
wave signals from Lucknow, Patna and |AIlahabad Radio Stations were also received at 
Banaras and their intensity variations iniestigated.
The observations were made with a Itraight receiver having a suitable galvanometer 
in the balanced anode circuit of the detector valve. In most cases visual observations 
of the galvanometer deflections due to th f varying intensities of the signals were made. In 
a few cases only the galvanometer deflections were recorded photographically on a rotating 
drum system.
The following types of fading patterns were observed:
(f) Periodic or quast-periodic  fading of slow and quick periods.
(If) Random fading.
Regarding the observed periodic or ^uasi-periodic fading, there were two distinct 
orders of periodicity. The ‘slow’ periodicity has been attributed 13 the interference of the 
ordinary and extraordinary components of the wave in the ionosphere as described by 
Appleton and Beynon (1947). The comparatively ‘quick’ periodicity, which was also 
frequently observed, has been considered as due to the vertical movement of the ionospheric 
layer which usually takes place in the early morning or in the evening or early night hours. 
The D^i^ler-beat interpretation of this type of periodic fading is outlined and the expressions 
for the periodicity given.
The vertical velocity of the ionospheric layer, as computed from the Ddppler-beat 
cemsideration of the so-called 'quick* periodicity, was found to be of the order of 3 5 
metres/sec. daring the evening or early night hours.
With regard to random fading observed with signals from distant stations, the analysis 
showed that the actual distribution curve did not agree with the Rayleigh’s formula for 
random scattering. Rayleigh’s formula is applicable to one downcoming wave only. 
With longer distances the existence of a number of waves following slightly different paths 
in the ionosphere may partly explain the discrepancy between the observed results and 
those computed from Ravletgh’s formula. For more distant! stations, more than one peak 
in the cflMerved intensity distribution curve were observed. This must be due to the simul- 
taneons single and double reflections from the R-layer.
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I N T R  O D D C T I O N
It is generally known that with medium-wave radio signals from distant 
•tationsi the intensity-variation is of a random nature. With shhrt-wave 
h ew em , periodic or quasi-periodic types o i intensity variatiop arc 
random type of lading* The object of the pres^^
2 W B . A ,  P . Tantry and S , R , Khastgfar
investigatioxi was to find whether any periodic variation prevailed in the 
reception of medium-wave signals from distant stations and to obtain a 
detailed knowledge regarding the nature and origin of such -periodic fading, 
if and when it was observed. The object was also to analyse the random 
type of intensity variation observed with medium-wave signals. Sig^ials 
from some of the broadcasting stations of medium wavelengths in India and 
Pakistan were therefore received at Bauaras in the evening hours after sunset. 
The names, wavelengths, powers of these stations and their distances from 
Banaras are tabulated below.
T able I
No. Broadc^tjug:station.
Power in 
kw
W avelength 
in m etres.
D istance from  Banaras 
in km .
1 D elhi I 10.0 338.6 680
2 Dacca 5-0 257*1 775
3 V ijayaw ada I.O 357.1 1050
4 Lahore 5-0 276.0 1145
5 Allahabad 1.0 389.6 120
6 P atna 5-0 265.3 224
7 Lucknow 5-0 293.5 , 268
In the case of the first four stations, the ground waves do not usually 
reach Banaras even in the night time. For the last three stations, ground 
waves are present along with the sky waves at the receiving station.
The usual modulated waves, when the programme was on, were studied. 
Measurements were made on a specially constructed straight receiver with a 
mirror galvanometer in the anode circuit of the detector valve, the steady 
anode current of which was balanced out. The galvanometer deflections^ 
were noted at regular intervals of lo  seconds continuously fora long interval of 
time. “An attempt was also made to record photographically the galvano­
meter deflections for varying intensities of the signals on a rotating drum- 
system.
In the present paper, the fading of signals, as indicated by the gal­
vanometer deflections noted at intervals of xo seconds, has only been considered. 
The observed periodic patterns have been classified and the origin of the 
fading pattern has been fully discussed.
B X P B R I M B  NTA A R R A N G B M B N T S  
.(a) R tcem et w ith £oivan(>meier at the detector ou tp u t:
The circuit diagram of the recexviug Set * used in the investigation Is 
ip figure I, A u  outdoor aerial used with the receiving set, ]por
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followed by a transformer-coupled detector valve (iN s-G ;. A suitable 
current-sensitive mirror galvanometer was inserted in the anode circuit of the 
detector valve. The galvanometer was shunted by some suitable resistance 
and there was the conventional arrangement for balancing the no-signal 
anode current by sending a current from a storage cell through a variable 
resistance to the galvanometer in the opposite direction. The detector valve 
was followed by an R -C  coupled L .F , amplifier (1C5-G). The loudspeaker, 
which was connected through an output I,.F . transformer to the anode circuit 
of the L,.F. amplifying valve, was used for the aural response of the signal 
and was found extremely useful for tuning purposes.
( b )  C a l i b r a t i o n  o f  t h e  r e c e i v e r  a n d  c a l c u l a t i o n  o f  t h e  f i e l d - s t r e n g t h
i n  s o m e  c a s e s .
The receiver was calibrated in the usual way and the calibration graphs 
were drawn showing galvanometer deflections for different input voltages 
for the various frequencies corresponding to the broadcasting stations which 
were received for the study of signal variations. It is to be noted that for 
each frequency, the curve is almost linear, except for very small and large 
input voltages.
The relevant characteristic curve was used to find the induced voltages 
due to different signal intensities in any set of experiments. For the purpose 
of determining the field-strength a tuned loop aerial was worked with the 
receiver and the field-strength was calculated with the help of the standard 
formula.
B X F E & I M E N  T AI ^  R  E  S U 1/ T S
. W ith signals of medium wavelengths from distant broadcasting stations 
(Delhi, Dacca, Lahore and Vijayawada) from where ground-w aves could not
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reach  th e  re ce iv in g  statio n , th e  fa d in g  p a tte rn s  o b served  in  th e  e a r ly  n ig h t  
h o u rs w ere o f the fo llo w in g  typ es ;
(i)  P e r i o d i c  o r  q u a s U p e r i o d i c  f a d i n g .
(a) W ith  a slow  period .
(b )  W ith  a c o m p a ra tiv e ly  q u ic k  p erio d .
(c) W ith  a com bin ation  of s lo w  an d  q u ic k  period s.
(«') R a n d o m  f a d i n g .
W ith  sig n a ls  from  lyU cknow  and P a tn a , w h ich  are n o t to o  d is ta n t to  
transm it gro u n d  w aves to  a certa in  e x te n t d u rin g  th e  n ig h t  h o u rs, th e  a b o ve  
typ es o f fa d in g  w ere also observed. W ith  s ig n a ls  fro m  A lla h a b a d , w h ich  is 
o n ly  a t a d istan ce  o f 120 k m . from  B a n ara s, random  fa d i n g  w a s m ost fr e ­
q u e n tly  observed. O n ly  in  a  fe w  cases there w a s e v id e n c e  o f a  q u asi-p erio d ic  
variation  o f som ew hat rap id  p erio d .
(t) P e r i o d i c  o r  q u a s i - p e r i o d i c  f a d i n g  :
I t  is to  be noted  th a t th ere  w ere tw o  d istin ct o rd ers o f p e r io d ic itie s  in  th e  
fad in g  p a t te r n s : one a v e ry  slow  p e rio d ic  v a ria tio n , th e  p e rio d ic ity  
ra n g in g  from  about 3 to 8 m in u tes (the q u a si-fre q u e n c y  ra n g e  b e in g  0 .12-
0.31 c y c le s  per m inute) and th e  other* a c o m p a ra tiv e ly  q u ick  v a ria tio n , 
the p erio d icity  o f w h ich  ran ged  fro m  ab o u t 25 to  n o  secon d s (the quasi- 
fre q u en cy  ra n g in g  fro m  ab o u t .55-2.5 cy c ie s/ m in u te ). B o th  ty p e s  o f  p erio d ic  
fa d in g  w ere observed  w ith  the s ig n a ls  from  th e d is ta n t sta tio n s, v i z ,  D e lh i, 
D acca , V ija y a w a d a , L ah o re  an d  L u c k n o w . W ith  th e  s ig n a ls  fro m  P a tn a  an d  
A llah a b ad  w h ic h  are near B an aras, o n ly  th e q u ic k  p erio d ic  ty p e  w as 
o b served .
Fig . 3
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R«i»reaetitative slow and quick periodic patterns, observed with the 
signals from the distant stations, are shown in figures a-6. Figure 7 illustrates 
some observations showing the slow periodic type with quicker periodicity 
superposed on the slow one. The quick periodic patterns observed with 
Patna and Allahabad signals are shown in figure 8.
Actual field-strength variations, |is determined from the calibration 
curves and the field-strength formula f<ir two typical sets of observations, are 
illustrated in figure 9. I
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Xhe qoasi'frequeocy and other details of the observed periodic patterns 
are given in Table II. ' -
T abi,e II
Date
DKtHI
20-12-49
24-12.49 
29-12-49 
1 -  
j8- 
18- 
10- 
TO-
2-50
1-50
1- 50
2- 50 
2-50
D acca
27-12-49
3012-49
V ijayawada 
27.12-49
18- 1-50
t/AHORE
28-12-49 
17- 1-50
I^UCKNOW
13-12-49
24- 12-49
25- 12-49 
27-12-49 
27-12-49
Patna
29-12-49
29-12-49
29-12-49
29-12-49
17- 1-59
20- a-50 
10- a.50
AItMHABAD
1  -2 -5o
Tim e P.M . 
T.S.T.
6.40— 6 55
6.25—  6.30
6.25—  6.35 
5*13— 5-33 
5 -30— 5*50 
5 -55— 6.15
7.21— 7-3f^
7-33— 7-43
3-5 — 5-25 
5.20— 5.30
7.1 — 7 .II 
6.30— 6.50
6.49— 7.29
6.38.—.^ .46
6.10— 6.20
700—7.5
7.20— 7.25
6-25— 6.35
6.35— 6.45
5.20— 5.30
5-30—5-40
5.40— 5.50
5.50—  6.00
S‘37— S-47 
6.38— 6,48
6.51—  7,01
7.2^—7.32
Periodicity in 
secs.
Slow Q uick
Frequency in  
c jxs./m in u te .
Slow
200-195
320
320
400-410
260
380-400
260.480
190
140
50-60
30-45
207
50-75
109
25-65
55-70
40-70
50-80
70
SS-60
60
50-70
40-50
20-30
40*80
50-60
40
•30
.19
.19
■ 15
•23
*15
.23-. 12
•32
Quick
Remarks.
.43
J.TO
1-5^
.56
•97
•55
1-5
.96
i.oq
•93
.86
1.04
1.00
1.00 
1-33 
2.39
z.oo
X.09
1-5
A = 338.6 m etres. 
Banaras-D elhi 
distance 
=^68o km .
A = 257.i m etres 
BanaraS-Dacca 
distance 
=  775 km .
a  =  357-i  m ettes. 
Banaras-V i j ay  a wada 
distance 
=  1050 km .
5276 m etres. 
B anaras-Lahore 
distance
«iT45 *«ii-
A.-293.5 m etres 
Banaras-Lucknow  
distance 
S26B km .
s 265.3 m etres. 
B anaras-Patna 
distance 
■  224 km .
>389.6 metres. 
JBanaras- 
Allahabad 
distance 
»T26kU.
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F ig . lo
(it) R andom  fa d in g  of m edium -w ave signals
The random fading curves for some of the distant stations from which 
the ground waves cannot reach the receiving point are shown in the figure io .
O R I G I N  O F  P E R I O D I C  F A D I N G
With regard to the periodic or quasi-periodic type of fading observed 
usually with short waves, it is now known that there are two distinct condi­
tions under which the periodic type of fading can be observed. Appleton 
and Beynon (1947) have shown that the interference of ordinai;y and extra­
ordinary components of the wave caused by magneto-ionic splitting gives 
a— 1778P--5
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rise to a periodic fading at a time, usually during: the evening: or early 
morning hours when there is a continuous decrease or increase of electron 
density of the ionospheric layer. The slow periodic fading is usually 
associated with the interference between the lower-trajectory ordinary and 
extraordinary waves. The rapid periodicity arises only when the upper 
trajectory ordinary wave (which is often termed the Pedersen ray) is received 
along with the lower trajectory ordinary and extraordinary waves. 
For this interference of magneto-ionic components, the electron density 
of the ionosphere should be just enough for a single reflection between 
the transmitting and receiving stations. This means that the frequency of 
the transmitter should be in the neighbourhood of the maximum usuable 
frequency (M .U.F.) for the particular reflecting layer and oyer the particular 
transmission distance. Under such condition, we may say that the Appleton- 
Beynon type of periodic fading is expected. The possibility of a periodic 
fading of a different origin under relatively high ionospheric ionisation, when 
the Appleton-Beynon type of periodic fading is too slow to be discernible in 
the fading records, was reported by Banerjee and Mukherjee (1949} and by 
Banerjee and Singh (1949) and later by Khastgir and Das (1950). Under 
conditions of high electron density, periodic patterns were observed and the 
periodicity was attributed by Banerjee and his colleagues to the interference 
between the two waves singly and doubly reflected from the same ionospheric 
layer or between the singly reflected waves from the two different layers, 
uhen one or both possessed a vertical movement pioducing a continuous 
change in the path-difference of the two interfering waves and yielding 
thereby intensity maxima and minima with a periodicity depending on the 
vertical velocity of the ionospheric layer or layers. Such periodic type of 
fading was usually observed in the evening or early night hours when the 
ionospheric layer tended to move upwards.
An equivalent representation of the same phenomenon was put forward 
by Khastgir {1949) and this view-point was outlined as fo llo w s:
With a vertical movement of the ionospheric layers in the evening (or early 
morning), when the ionospheric ionization is sufficient for the simultaneous 
single and double reflections from the same layer, it is evident that they will 
suffer different amounts of D6ppler change of frequency as they proceed towards 
the receiving point from distinctly different directions. Thus there will be a 
difference in the frequencies of the singly and doubly reflected waves from the 
same moving layer. A similar difference in frequency is also expected in the 
case of simultaneous single reflections from the E and F-layers when both have 
vertical movement. In either case the two interfering waves of slightly 
different frequencies would give a resultant beat-note with a progressively 
increasing amplitude followed by a corresponding decrease in amplitude in a 
periodic manner. When the beat-note is received by the receiver, the output 
after rectification in the detector stage would constitute the envelope of such 
resultant beat-note with one side wiped out. This would b? ainutar ia I
appearance, to a slow rhythmic fading, the periodicity of which would 
correspond to the difference in the frequencies of the down-coming 
waves as determined by the Doppler effect formula. It has been shown 
by Khastgir and Das ^1950) that the Doppler-beat interpretation of the 
observed periodic fading is essentially the same as the path-retardation theory 
of Banerjee and his colleagues.
W ith regard to the periodic fading of magneto-ionic origin, it is 
extremely difficult to calculate the ^ riodicity. In the case of periodic 
fading due to vertical movement ,*of the ionosphere, when there are 
simultaneous single and double rcflc(|tions from the same moving layer or 
when there are simultaneous single reflictious from both the moving layers, 
it has been found possible to obtain le.Kpressions for the periodicity from 
Doppler effect considerations. |
Considering the case when the |ingly and doubly reflected waves from 
the same layer proceed towards the! receiving point, the quasi-frequency 
of the fading pattern is given by
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H =  ~ (2 co s ~  COS $ 1 )
A (l)
where 0  ^ and arc the angles of incidence for the singly and doubly reflected 
waves from the same layer moving with a velocity, v in the vertical 
direction and A, the wavelength of the up-going waves. In the case of singly 
reflected waves from the two layers moving with the same vertical velocity v 
the quasi-frequency of periodic fading is given by
«: 2 V (cos <t>i — cos Oi) ( 2 )
where 1^ and are the angles of incidence at the K- and F-layers respectively 
for simultaneous single reflections.
O II S  E  R  V  E  i:> P  E  R  t O n  I c  !•' A D I N  G  W I T H  
M E  I U M  W A V E  S I G N A L S
(a). Periodic fading of magneto-ionic origin
In the present investigation the wavelengths of the medium waves ranged 
from 257.1 to 357.x metres and the distance ot the transmitting stations 
from Banaras ranged from 120 to 1145 km. In most cases, there was reflection 
only from the E-layer. The M. U. F. value for the E-layer for the average 
transmission distance would be in the neighbourhood of 3-4 Mc/s in the 
evening and early night hours. The frequencies of the signals were 
therefore very much less than the M. U. F . value. It is therefore expected 
that the interference between the ordinary and extra-ordinary components 
would give rise to an extremely slow periodic if that is at all
discernible. The slow periodic patterns (.12 to .31 cycles/minute) observed 
in the investigation have been attributed to this cause. '
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ib) P eriod ic  fading  due to vertical m ovem ent o f the io n osp h eric
layer or layers
T h e  re la tiv e ly  qu ick  periodic fa d in g  (.55 to  2.5 cyc les/m in ) h as been 
considered to be due to the vertica l m ovem ent o f th e  ion osp h eric  la y e rs  
d u rin g  the even in g hours. W ith  m edium  w a v es  it  is  possib le  to  h a v e  
both sin gle  and double reflections from  th e E -la y e r. In  rare  cases w e  m ay 
e xp ect sin g le  reflection from  the F -la y e r , w h en  th e E -la y e r  is ‘ p a tc h y ’ 
en ough to allow  penetration of the m edium  w a v es th ro u g h  it. T h e  a n g le s  
of incidence and 0.^  for the s in g ly  and d ou bly reflected w a v es fro m  the 
same E -layer and also the an gle  for* the s in g ly  reflected w ave  from  the 
F -la y e r  are determ ined b y tak in g  th e E -la y e r  to  be at a h e ig h t of 90 k m . 
and the F^ region at a h eigh t of 360 km . above th e e a r th ’s su rfa ce .
T a k in g  the values of ^1, 63 and <pi for d ifferent transm ission  d ista n ces 
betw een the transm itting station and the rece iv in g  station  th e fa cto rs , 
(3 cos ^2~cos I and tcos 0i — cos 0 i ) ,  in the form ulae (i)  and (2) are ca lcu la ted  
and show n in the T ab le  111.
T a b l f  111
To Banaras (2 cos 1^) (cos 01 — cos 1^)
Delhi .68 47
Dacca .62 .46
V ijayaw ada .48 .40
Lahore •45 .38
Lucknow 1.048 *38
I^atna 1.060 •33
A llahabad 1.066 •155
U sing formulae (i)  and (2) w ith  th e re levan t m u ltip ly in g  fa cto rs  g iv e n  
in T a b le  I I I ,  the vertica l ve lo city  o f the ion osp h eric  la y e r  can be c a lcu la ted  
from  th e observed freq u en cy  o f the p erio d ic  fa d in g  patterns. T h e  o bserved  
q u ick  p eriod icity  ra n g in g  from  about 25 secon d s to  ab o u t n o  second 
(the corresponding qu asi-frequ en cy b ein g .5 5  to  2 5 cycles/m in u te) is  co n si­
dered as due to  the vertica l m ovem ent o f th e  ionosphere w h en  th e  s in g ly  and 
th e d o u b ly  reflected w aves from  the E -la y e r  (or w hen the s in g ly  reflected  
w aves from  both E -and F-Iayers) in terfere.
The calculated values of the vertical velocity for the various observed 
quick periodicities are given in Table IV .
T h e  vertica l v e lo c ity  com puted from  the observed q u ick  p e rio d ic ities  
a cco rd in g  to  th e  form u la  (1) ran ges from  1.8  to 7 .7  m etres p er secon d , th e  
m ean va lu e  b e in g  3.6 m etres per second. A s  th is  a g rees fa ir ly  w ith  th e
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T able IV
Date Tim e P. M . 
I S.T . station
Observed 
quick fading 
in cycles/ 
xuin. (mean 
value)
lonosj
vertical
From (ji 
iij/sec.
iheric
velocity
From v2) 
ni/f^ec
20-12-49 6-40-6.55 Delhi  ^ *43 j.79 2.58
24-3 2-49 6.25-6.30 Delhi J i.ng 4-52 8.02
10- 2-50 7.21-7.31' Delhi i 6.50 9*47
JO-2 -50 7 3^ 3 -'’ -43 Delhi 1 -56 2.33 3*37
30-12-49 5-20-5.30 Dacca i -97 3.34 4.51
27-12-49 7.017 .11 Vijavawatla 1 *55 3 4.10
17- 6.38-6 46 Dahore i.S<y 7.66 9.08
24-12-49 7.00-7.5 Lucknow .96 2.26 6.22
25-12-49 7.20-7.25 Lucknow 1,09 2.00 7.07
27-12-49 6.25-6.35 Lucknow •93 2.16 5*94
27-12-49 6.35-6.45 Lucknow .86 2.01 5-52
29-12-49 5.20-5.30 Patna 1.04 2.17 6.97
29-12-49 5.30-5.40 Patna 1.00 2.09 6.70
29 1^2-49 5.40-5.50 Patna 1.09 2 28 7*31
29.12-49 5.50-6.00 I’atna ] 1,30 2.81 S.93
17- 1-50 5.37-5.47 Patna ! 2.39 4 .9« 16.00
10- 2-50 6.38-6.41 Patna | 1,00 2.09 6.7
10- 2.50 6.51-7.01 Patna j 1.09 2.28 7*31
1- 2-50 7.24-7.34 Allahabad 1{
1.50 4.60
approximate estimate from the ionospheric data, we are inclined to the view 
that the quick periodic fading was more often due to the interference of the 
singly and doubly reflected waves from the E-layer.
R A N D O M  F A D I N G  O B S E R V A T I O N S  W I T H  D O W  N- C O M  I N  G  
W A V E . S  O N L f Y  A N D  C O M P A R I S O N  W I T H  R A Y L E I G  H ’S 
F O R M U D A  F O R  R A N D O M  S C A T T E R I N G
Random fading, which was frequently observed with downcoming waves 
of medium wavelengths, was explained by Ratcliffe and Pawsey (1933) as due 
to the random scattering of the waves from a large number of diffracting 
centres in the ionosphere. Late Lord Rayleigh deduced an expression for 
the probability of occurrence of any resultant amplitude on thte assumption
of a large number of couii)onents of random phases. The probability is 
given by
P '= . (8)
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where =  sum of the squares of the components and P'dr, the probability
of a resultant amplitude between r and (r + dr).
The actual distribution curves showing the number of observations for 
different amplitudes of the downcoming wave were drawn for the several 
random fading patterns obtained with medium wave signals from the various 
transmitting stations. The procedure was as follows : Taking amplitudes 
of the downcoming wave at regular short intervals of lime (lo seconds), the 
whole range of observed amplitudes for a continuous set of observations 
was divided into a number of equal parts (dr) and the number of times the 
observed amplitude lies between r and (r+dr) was counted. A  distribution 
curve was thus drawn showing the number of amplitudes lying between 
r and (r + dr) against the mean value of r and r+dr.
F i g . I I  a (Dacca)
-----------Rayleigh
-B xp erim ent
A verage am plitude in  cm
tJacsoa A
J  ^
CD **'*51:
If
O
CO
§
■ S5
o•su
£a
a
{a
F i g . II b (D elh i)
------------ Rayleigh
• Bzperiment
T h e  R a y le ig h  d istrib u tio n  cu rves w ere  d ra w n  in the m anner a lread y 
described  b y  K h a s tg ir  and R a y  (1940) and K h a stg ir  and D as (1950). E a ch  
of the th e o re tica l d istrib u tio n  cu rves is sh o w n  a lo n g  w ith  the actual d istrib u ­
tion c u rv e  in th e fig u re s  i i  and 12
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A verage  am plitude in cm Average am plitude in cm -
F i g . 12 a (Vijayawada)
------------------Rayleigh
— o —  Experiir.t n t
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I t  w ill be observed  that there is no agreem ent betw een the observed 
dis*^tibution o f in ten sity  and the th eoretical d istribution  acco rd in g to 
R a y le ig h 's  fo rm u la . In  th e case of D elh i, D acca, and L ah o re sign als, w hen 
the in ten sity  va lu es are d iv id ed  into four cen tim etres groui>s, there appeared 
one p ro n o u n ced  p ea k  for D elh i and D acca and tw o for L ah o re, W h en  the 
d ispersion  w a s d o u b led , th ere  appeared one peak  for D elh i, tw o  for D acca 
and th ree  fo r  L ah o re  sig n a ls . F o r  V ija y a w a d a  sig n a ls, there appeared one 
pro n o u n ced  p eak  w hen the in ten sity  w as taken  to lie  w ith in  i  cm  and three 
p ea k s w h en  th e  d isp ersion  w as doubled.
F o r  d ista n t statio n s lik e  L ah o re  ( i i 4S km ) and V ija y a w a d a  (1050 km ) 
it  w as l ik e ly  to  h a v e  s in g ly  and d o u b ly  reflected  w aves fro m ' th e  E -la y e r .
232 B , A .  P . Tantry and S. R . Khastgir
The double peaks could be interpreted as due to the simultaneous single 
and double ionospheric reflections. For Delhi, the nearest of the four stations 
we observed only one peak for both the dispersions.
It is to be noted that Rayleigh’s formula for random scattering is valid 
for only one dowucoming wave. Even for a single reflection, if the distance 
between the transmitting and receiving station is large, we may have a 
number of waves following slightly different paths in the ionosphere. The 
existence of a nuiiilier of waves following slightly different paths will 
partly explain the cause of the discrepancy between the observation and 
Rayleigh’s formula.
W iREfcE.SS bA B O R A TO R y 
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